, we analyze the temporal selfimaging or Talbot effect for producing well-conformed pulse trains with variable repetition rates and duty-cycles. The relationships linking the selfimaging conditions with the fractional orders o f the RWT are first obtained for unchirped pulse trains. Then, we extend the analysis to chirped pulse sequences by deriving the con ditions to be fulfilled by an equivalent unchirped pulse train producing the same selfimage irradiances. This result becomes relevant for observing well-defined high order fractional selfimaging, which are o f interest due to their repetition rate multiplication. Besides, the effect of the finite extension of the pulse train on the selfimage quality is analyzed and a condition is found for relating the required min imum pulse number with the chirp parameter of the pulses. © 2007 Elsevier B.V. All rights reserved.
On the other hand, the space-time duality theory was developed based on the analogy existing between the prop erties of quadratic phase filters and Fresnel transforms in the spatial domain and the time impulse responses of differ ent dispersive media and the frequency modulation of time varying pulses in guided light transmission [14 18 ]. In this way, well known concepts and experiments developed in the framework of spatial optical systems can be transferred to the temporal domain thereby providing new ways for analyzing and processing time optical signals. Among sev eral applications (as e.g., spectrum analyzers, temporal microscopy and pulse compression), temporal selfimaging or Talbot effect was implemented in order to produce peri odic pulse trains with minimum distortion and different repetition rates [19 26 ]. Although selfimaging is a linear phenomenon, it has been also applied in connection with some nonlinear phenomena, such as Raman pulse com pression [27] , soliton generation [28] and cross-phase mod ulation [29] .
In this paper we analyze the pulse trains conformation, which is produced from a proper combination of dispersive transmission and phase modulation applied to a periodic input signal, by employing an approach based on the tem poral RW T and its connection with temporal selfimaging. To this end, we generalize a previously reported optical implementation of the RW T that is based on the spacetime analogy and the theory of temporal imaging [30] . In that work, a relationship for obtaining the fractional orders p for which the FRT's coincide with a certain selfimaging condition was derived for the particular case of unchirped periodic pulse trains. Now, we extend the RW T signal description for analyzing pulse train conformation in the more realistic case of finite periodic pulse trains where the individual pulses are frequency chirped. The new condi tions, for obtaining the fractional orders for which self images can be found, are derived by performing the analogy between our chirped pulse train and the equivalent unchirped pulse train, which would produce the same RW T at the specific fractional orders associated with selfi maging. The role of this unchirped pulse train is rather sim ilar to the equivalent dispersion line which was used by Chantada et al. [31] in the spectral analysis of the temporal Talbot effect, without considering time lens action. We also investigate the relation between the number of pulses N that is required for obtaining a well defined selfimage and the spectral content of the pulse trains. It is derived a rela tionship between N and the pulse chirp parameter which is corroborated in the numerical simulations.
In Section 2, we summarize the basic definitions of the FRT and the RW T in the spatial domain, together with the link between the FRT and the general spatial selfimag ing. In Section 3, we introduce an optical definition of the RW T in the temporal domain. In Section 4, we analyze the temporal selfimaging by using the RW T formalism. The general relationships for producing integer and fractional selfimages of a finite, periodic chirped pulse train are obtained here. In Section 5, some numerical simulations the W DF associated to the input signal, which is a dual sig nal representation defined in a phase space: spatial coordi nate (x) vs. spatial frequency (v). In Eq. (1), R<p is the rotation operator acting on the W DF which changes The FRT of a given one-dimensional space signal Uo(x) can be optically implemented by properly combining lens action and light propagation. This combination can be per formed either in a distributed or in a tandem way. In the first case, light transmission in a guided medium having a quadratic refractive index profile (like a G R IN medium) originate the successive FRT's of increasing fractional order p [4] . We focus our attention in the second approach where Lohmann proposed two simple setups for obtaining the FRT [5] . In one of them, the input signal u0(x) is illumi nated by a monochromatic plane wave of wavelength X, then interacts with a first lens of focal length /, then it prop agates by a distance z, and it again interacts with a second lens having the same focal length /. The amplitude distribu tion after the second lens, which can be expressed as a proper scaled Fresnel integral, becomes the FRT of the input object being denoted as up(x) 3^{u0(x)} where 0 < / ? < 1. The geometrical parameters are related with p as 15 2 are shown which illustrate the derived results. As we shall see, the previously found relationship between p and selfi maging, for the case of unchirped pulses, can be approxi mately applied for obtaining integer selfimages of an input chirped pulse train with small distortions. However, for the case of fractional selfimaging (which is of interest due to its repetition rate multiplication capability), the gen eral relationships obtained here should be used for observ ing well conformed pulse trains. being ( The free space diffraction originated by an input object under spherical illumination is closely related to the FRT production, as it was demonstrated in [9] . In the FRT setup described above, the first lens generates the spherical wave being the only difference with free space diffraction the second lens action introducing a quadratic phase factor. However, this effect is not relevant since the irradiance is the magnitude to be analyzed. Thus, if we choose the out put plane placed immediately behind the second lens and we select the radius of the illuminating spherical wave R f and the propagation distance z accordingly with Eq. (3), the output irradiance 7"ut(x) can be written as (5) Finally, two features should be kept in mind in the obser vation of the RW T displays of this work. First, since the set up parameters should be continuously changed to ob tain P 0ui(t) \up{ t)^, for varying p , the temporal RW T of the input signal is sequentially produced. Second, there is a pulse delay effect that directly depends with p (through <P20, see Eq. (9a)) which, if it is not compensated, would originate a shear display of the RW T [30] . Therefore, to facilitate the comparison between different fractional or ders p , all RW T displays of this work were temporally aligned with the input, and thus they do not show this shear effect. If the complete temporal RW T is to be photonically realized, it should be taken into account that the setup parameters <P2o and (f>2o are continuously changed accord ingly with Eq. (9) for obtaining P o M Wp(t)\2 for vary ing p . Therefore, the complete RW T display of the input signal can only be sequentially produced and it would require a dispersive medium with a well-controlled sec ond-order coefficient and time lenses with different phase modulation factors. By this reason, we propose a numerical implementation of the RW T in order to achieve the whole A very important application related with the spatial temporal analogy is the temporal selfimaging or Talbot effect where conformation of periodic pulse trains having different repetition rates can be achieved by properly com bining signal phase modulation (or time lens action) with pulse transmission in guided dispersive media [19 29] . Although this subject was extensively treated by many authors, there are several features that can be conveniently analyzed employing the RW T approach.
1)
By using the photonic device sketched in Fig. 1 , and by considering as input signal u0(t) a sequence of N pulses hav ing a pulse width T0 and a repetition period T \, the output optical power becomes Pout(i) p^{wo(0}|2> whenever the setup parameters <#2o and < j> 2o are related with p in accordance with Eq. (9). Besides, by taking into account Eqs. (5) (7) linking the selfimage patterns and the FRT of a periodic spatial object, a temporal analogue condition can be found as 15 4 with a quadratic phase modulator (having a phase modula tion factor (j) 20) and then with a dispersive medium having a second order dispersion coefficient <P2o, after which the resulting pulse is detected as P out(0 | w p(0|2 It should be noted that as we are only interested in the signal irradiance (for producing the RWT), the second time lens that would be required for correcting the phase term of the FRT is not needed. Now, by applying Eqs. (11) (13) . Thus, we reformulate the problem in the following way. We ana lyze the properties of the unchirped pulse train it0(t; C 0) that would produce the same RW T for selfimaging as it is given by the output irradiance of Eq. (21). If T \ and T 0 denote the repetition rate and pulse width of u0(i; C 0), then the output irradiance can be obtained by properly using Eqs. (21) and (22) pulses of the input trains can be observed. Besides, for pro ducing well defined selfimages we restrict the selfimaging orders to be analyzed to the range 0 < p < p x, being p x the fractional order associated with the first integer selfim age (s 1). For obtaining repetition rate multiplication capability, fractional selfimages are to be also considered for these values of p . For the unchirped pulse train (i), it can be obtained from Eq. (13) Fig. 4. In (a) , the irradiance resembles the input pulse train with a certain distortion level. In this case, the small amount of dispersion <P2o required to obtain p « 0.0289 is not enough to spectrally overlap the pulses. By inspection of Fig. 2a , it can be concluded that fractional unchirped sefimages can only be observed for p ^ 0.1. In Fig. 4b and c, the fractional selfimages corresponding Fig. 5a , where it can be observed that this display is almost identical to the RW T associated with (iii) (shown in Fig. 2c ). To corroborate this equiva We have presented a method of signal analysis and pro cessing in the time domain based on the RWT description. By employing the space temporal analogy, a photonic device for producing the temporal RWT was proposed which can be used to originate optical pulses having certain predetermined properties which are of interest in pulse transmission applications in different dispersive media.
16) of the unchirped pulse train (i). The three irradi ances are shown in
This approach was applied to analyze several features of the temporal selfimaging or Talbot effect. It was compared the selfimage formation of unchirped and chirped periodic pulse trains. The possibility to obtain, from a certain input periodic train, an output with a higher repetition rate (i.e. 
Conclusions

